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New scattering algorithm for GSMaP V05
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o Outline

@ Introduction
=2 Bias of conventional scattering algorithm
& Search for precip characteristics which related

with the scattering bias

2 Comparing MWI scattering bias with KuPR precipitation
features.

=z Why FPD?: Relation between FPD and profiles and
densities of frozen precip

% New scattering algorithm considering FPD

@2 Changing precip profile in terms of FPD
@2 Changing frozen precip particle density in terms of FPD

¢ Validation
% Summary
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Period: Jun.1,2014-May 31, 2015

GPM VO6A

GMI retrievals using GSMaP V03
scattering algorithm

JRAS5 GANAL and MGDSST

Nbias :
(Pscat-Rainsurf)*2/(Pscat+Rainsurf)

Pscat.GMI retrieval
Rainsurf:KuPR surface precip

FPD=KuPR top level — JRASS
Freezing level height

SRR:Stratiform rain ratio
Pcov:Precipitation coverage
Inhomo:Precipitation
Inhomogeneity

Correlation between scattering bias and KuPR
precipitation features, Surface temp, and elevation

Precip Nbias Nbias
Features |over Land |over Coast
Rainsurf -0.03381| 0.017938
FPD 0.54994| 0.572301
KuPR top 0.47115, 0.408582
FLH 0.0038 -0.1539
SRR -0.001| 0.342114
Pcov 0.20543| 0.437991
Inhomo -0.13003| -0.40636
SUAEEE 0.12127] -0.1239

Temp
Elevation 0.00219] -0.02942
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o Outline

& Introduction
=2 Bias of conventional scattering algorithm
& Search for precip characteristics which

caused the scattering bias

@ Comparing MWI scattering bias with KuPR precipitation
characteristics

=z Why FPD?: Relation between FPD and profiles and
densities of frozen precip

% New scattering algorithm considering FPD

@2 Changing precip profile in terms of FPD
@2 Changing frozen precip particle density in terms of FPD

¢ Validation
% Summary
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°eclb profile variations associated with FPD changes

We derived the Precip variations due to FPD for each precip type
with the least square method from KuPR data for the target period:

Type2 (Land) Type8(Coast)
141 _ 141 ;
Convective Ry Convective
12 - AVE T 121 AVE
AVE+o = = = = AVE+g = = = =
18 AVE-G ceveerrree. 101 AVE-G reessseenss:
87 Strati 8 - Strati
= AVE AVE
61 AVE+g =~~~

AVE+g = = = =

 Precipitation arouna’ and above the FLH corre/atea’
well with FPD.

I U JU Ued | oD £ LoD J Jded T Tod l1.O /2 Z.0O O J.0

KuPR preClp/tat/on (mm/hr) 9



Variations in frozen precip particle
density estimated from (Zm,DFRm)

Convective Ts:20-28C, Zr=2km Convective Ts:20-28C, FPD 4-6km

Classified with FPD(km) Target period  Classified with Zr (Km): height relative to FLH
F(zmku,DFRm) 1406—1505 conv.Ts20—28 Zr:2km F(zmku,DFRm) 1406—1505 conv.Ts20-28 FPD4—6km

14 /[5/ p:0.1 14 - // p:0.1
Fe B6km ‘//
121 54647 121 Zrokr
: 0:0.2 p:0.2
10 4 10 4
1p:0.3 L p:0.3
81 5.7/ p:0.5 87 7 P05
6 - 6 -
i : ‘ A Rain 4 Rain
!-E O - &' 0 A
N / £
G4 541

0 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
/) Part/c/e a’enS/t/es tend to increase with FPD.
2) Particle densities increased with height relative to FLH.
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o Outline

& Introduction
=2 Bias of conventional scattering algorithm
&% Search for precip characteristics which

caused the scattering bias

@ Comparing MWI scattering bias with KuPR precipitation
characteristics

=z Why FPD?: Relation between FPD and profiles and
densities of frozen precip

¥ New scattering algorithm considering FPD

2 Changing precip profile in terms of FPD
2 Changing frozen precip particle density in terms of FPD

¢ Validation
% Summary
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o Improvement of scattering algorithm

GANAL
PCT37, PCT85 over land
Forward calculation Obi%rSVEd Retrieval Calculation
RITM

FPD_ENV > Screening
Inhomogeneity

Change ook=u y > . :

Precip profiles = Bo(O= estimation

& Table l > Prgap retrle\{al

Frozen precip . using scattering

Density recip.

« Estimate FPD ENV from GANAL variables
« Change precip profiles in terms of FPD _ENV
 Change frozen precip particle density in terms of FPD _ENV
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°i ving FPD_ENV from JRAS5 variables

FPD vs. FPD_ENV (1406-1505)

FPD has correlation with JRA55 lapse (Land Ts > 20 C)

rate and Relative humidity (RH) at

Bottom(<1.5 km),low level (1.5-4.5
km), and mid level (4.5-7.5 km).

SVD fitting between FPD and GANAL
env. data and In(surface precip+1):
(FPD_ENV)

-1
111111111

1780403 CST Zs<6k PDF%(dtop,FPDENV)Ts 20-26C

Correlation between FPD and
FPD_ENV is ~0.52, except Ts < 10C.

while the FPD_ENV dynamic ranges | .

are narrower than FPD. FPD vs. FPD ENV (1406—1505)
(Coast Ts > 20 C)
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O Change precip profile in terms of FPD ENV

Experimental algorithm 1 (EXP1):
Change the precip profiles using FPD ENV based on the
statistical relation between FPD and precipitat(on for ’each type.

141 _ 14 - .
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12 AVE  me— 12 1 AVE
AVE+g = — — — - AVE+g = = = =
18 AVE-G ceveerrree. 2107 AVE-G reessseenss:
8 1 ‘\‘ Strati S 84 Strati
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°npact of precip profile changes (EXP1)

Difference (EXP1-GSMaP.V03.GMI) . :

Daily mean precip (mm/dy) For Jul. ‘15 EXP1 re_duced precip over
— rOII'l'PSi\;/.IVUOUI—IUK:I Tor I’-l-U‘/UI—j)U — areas Wlth |arge FPD, SUCh
50N{" ] "“m <A . A g ~ /‘;, .

as North America & Africa.
o * No significant effect over
Iy Amazon, Maritime
continent etc.

KuPR suface precip vs. EXP1 retrieval EXP1 also showed dependence

for Jul. ‘15 - -

s — +0f scattering bias on FPD.
§ , FPD ENV>4km | - § FPD_ENV:2-3km
£ - 5
5. g Precip profile variation
g % g does not seem the main cause
Q o Q : :
s, sl Jof the scattering bias.

KuPR rainsurf(mm/hr) KuPR rainsurf(mm/hr)
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° Change frozen precip particle density
in terms of FPD ENV

KuPR suface precip vs. GMI retrievals

5.Rpct37.20
35

- Densities estimated from (ZmKu, for FPD_ENV:3-4 Km
DFRm) are too large. r0=0.05 ro=0.15
/s.Rpct37.20190605. LND for 140701 —30:FPDENV: 90605—3—NB—for—+40701 - 30:FPDENK

« We performed experimental forward
cal with various densities. .
* We chose the optimal density for each
FPD_ENV which minimized scattering
bias for the target period. 5

N

ro=0.1

ro=02

40701-30:FPDEN

° FPD_E NV < 1 5 km : ;]Rpct37.20190605_2 LND for 140701-30:FPDENY
ro=0.05 for 36 GHz, 0.25 for 89GHz

Rpct37.2019

- FPD_ENV:1.5-3.5 km:
ro=(FPD_ENV-1.5)*0.075+0.05 for 36GHz
ro=(FPD_ENV-1.5)*0.05 +0.25 for 89GHz

. . GM[retrieval (mm/pr)

« FPD ENV > 3.5 km:
ro=0.2 for 36 GHz, 0.35 for 89GHz

KuPR rainsurf(mm/hr)
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mpact of precip profile+ particle density
changes (EXP2) for Jun. 15 - May *16

New algorithm (EXP2)
T NS e AR R

GSMaP.V03.GMI

[ =* K
GMI W CASES ST AN 87T
o ! - ) r e 3., ’

Scattering
-KuPR :
(mm/dy)

Zonal Ave rainspc.v20180403 DPR for 150601-160531 LAN

Zonal
mean
(mm/dy)

KuPR rainsurf,
GMI retrieval
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° Summary

& We found the scattering bias had high correlation
with a frozen precipitation depth (FPD).

& FPD variations, in turn, associated with variations
in profiles and particle densities of frozen precip.

& We developed a new scattering algorithm, which
derived the FPD index (FPD_ENV) from GANAL,
and changed precip profiles and frozen precip
particle densities in terms of FPD_ENV.

& The new scattering algorithm alleviated
underestimation over Amazon, Monsoon Asia, and
Maritime Continent.
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o (ZmKu,DFRm) D8/ E 57
VO6A 1446 F—"154E5 F D#t51HE
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O Basic Idea of the Reftrieval Algorithm

= \
. -/
PCT37, PCT85 over land
Forward calculation Obi%rsvecj Retrieval Calculation
RIM

GANAL Screening
e — — v Inhomogeneit
Statistical ':gOOk Ub@< estimatgion Y
Precip-related Table l Scattering part
Variable | Emission part
Models (PR) Precip.

Find the optimal precipitation that gives RTM-calculated TBs
fitting best with the observed TBs:
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